generated, as previously described (Govindan et al. 2012) , for HCC1395 and HCC1395BL transcriptomes.
The direction of the read corresponding to the 5' gene is in the same orientation as the 5' gene whereas the orientation of the read aligning to the 3' gene is in the opposite direction to the 3' gene. The weight of the edge correlates with the total number of encompassing reads supporting the gene fusion. Since a graph of putative fusions is more compact than a list of gene fusions, many subsequent operations, such as removing some edges (hence candidate gene fusions), can be performed efficiently on a graph. For instance, if one node or gene is connected to many nodes or genes, then aligning spanning reads to this node is only performed once. At this point the graph can be very dense and INTEGRATE uses a series of filtering steps to remove false positive gene fusion candidates according to the concordant suboptimal alignments and repetitiveness of the paired-end reads in the graph (See Supplementary Methods).
INTEGRATE software
The above methods and algorithms are implemented in the INTEGRATE software following the standards of the C++ Programming Language. An external library, Libdivsufsort INTEGRATE removes false positive gene fusion candidates from paired-end reads that are considered to be discordant when they actually correspond to a suboptimal alignment that results in a concordant pairing. Since INTEGRATE generates edges within the graph as it encounters discordant mappings during its first pass through a BAM file it is possible that a subsequent mapping that appears later in the BAM file may reveal a concordant mapping.
Therefore, INTEGRATE reduces these potential false positives by removing encompassing reads, used as edges, that have a concordant mapping during a subsequent iteration through the BAM file. Each concordant read is checked in a hash table TI1 to determine whether it had been used as an encompassing read in the graph. If so, using the list of ids kept in TI1 the indexes are removed from the edges (each edge that the read contributed to can be found from TR1 (Step 2 in Supplementary Figure 9) ). If an edge does not have any TR1 indexes, then the edge is entirely removed. Depending on the alignment tool used it is possible that suboptimal concordant alignments may not have been detected and therefore the discordant reads were not removed in the previous step. Therefore, as a control, INTEGRATE includes a step where it attempts to realign each encompassing read to both nodes connected to the edge. Given that this is a targeted alignment INTEGRATE allows a higher error rate (i.e., 2 mismatches or gaps in one flanking region) to increase the sensitivity. If both reads can be aligned to a single node then the contribution of the encompassing read is removed from the edge.
INTEGRATE was implemented so that an encompassing read with multiple mappings can contribute to more than one edge on the graph. INTEGRATE assigns a weighted value to each edge corresponding to the sum of the scores of the encompassing reads. INTEGRATE first assigns a weighted score of one to a unique encompassing read alignment, and each occurrence of the non-unique encompassing read alignment is given a weighted value equivalent to one over the number of alignments. A user can define the minimum weight cutoff value. The default cutoff value is 2.0 thereby ensuring two independent reads support an event. Edges with weights less than the minimum value are removed from the graph.
Depending on the alignment tool used, it is possible that not all non-unique encompassing read alignments are reported. Therefore, while the reported alignments of repetitive reads may have contributed to many edges in the graph, the true occurrences across the genome could be even greater. Instead of realigning these repetitive reads (which is not likely to yield gene fusions but will require a longer run time), INTEGRATE estimates the repetitiveness of these reads by focusing on the smallest occurrence out of the four segments of 25-mers (for a 100-mer read) from the 5' and 3' end of each read in a pair. The 25-mers are aligned to the BWT of the whole genome to get the number of exact alignments. end of an RNA-seq read can be mapped to the forward strand of some genes and the 5' can be mapped to the reverse complement strand of these same genes. Supplementary Figure   1d shows the prefix trie of the sequence (text) of `GCCGCT'. When the BWT of this sequence has been computed, the prefix trie can be simulated by searching (mapping on BWT) A, C, G and T at each node of the tree. The 3' of a sequence (pattern) can be mapped to the prefix trie. For example, the pattern `CCAC' can be mapped to the path marked as red in the prefix trie. Only tree nodes relevant to the sequence are generated, i.e., tree nodes at the top of the tree and tree nodes along the path where the pattern could be mapped. Supplementary Figure 1e shows the nodes of the tree that are needed when mapping the 3' of 'TTTTCCAC' to the tree with at most one error (only the portion of `CCAC' can be mapped). The nodes are shown in a line, which correspond to the column of a matrix to store the scores of dynamic programming mapping. The rows of the matrix correspond to the sequence to be mapped. The links are the same as in Supplementary Figure 1d . This is different from the classical Smith-Waterman local alignment algorithm, which only allows item (i,j) in the matrix to come from (i-1,j-1), (i-1,j), or (i,j-1), as an item in the matrix in Supplementary   Figure 1e does not necessarily come from the consecutive left column. Instead, (i,j) can come from the column that corresponds to the parent node of the node associated with the current column, i.e., the columns are in the order defined by the subtree. However, an item at row i can come from row i or i-1, which is the same as classical Smith-Waterman local alignment algorithm. Split-read mapping of INTEGRATE is performed as mapping a portion of a read until no more errors are allowed. Since only a certain number of errors are allowed, only a subset of nodes from the tree are needed thereby eliminating the need to compute all the items in the matrix. When a path in the tree can only be mapped using partial reads (with more errors than allowed) then the path dies, hence the nodes in the subtree of the path are not generated. Only item at row r-x, r, and r+x for the l-r+1 th character of the sequence are mapped, where l is the length of the sequence, and x is the maximum number of errors allowed. Also, not all the 2x+1 items in a column are used. If an item in the matrix can only be reached by introducing more errors than allowed, then it is not reached. The pseudo code is provided in Supplementary Figure 11 . When allowing a small number of errors (one or two mismatches or gaps), and when the sequence of the gene is not very repetitive, it only takes less than several hundred operations to map a read, thus mapping one read using this algorithm is very efficient. Additionally, the alignment of a read to a gene where it did not originate will stop quickly since it only has to align to a smaller space of the gene node. spanning reads mapping to multiple clusters are also weighted. While using a high cut off value can select top candidates, it is possible for true positive gene fusion candidates to be removed in the process. However, being very aggressive for sensitivity in this category may lead to an extremely large set that is not practical to work with, e.g., nFuse reported ~25 thousand fusion candidates in this category in HCC1395 cells.
Finding exact genomic breakpoints supporting gene fusions using WGS data
While existing programs such as BreakTrans and nFuse search for SVs in the entire genome to call genomic breakpoints that support gene fusions, one obvious advantage of INTEGRATE is that subsequent computational resources reconstructing the fusion junction are only expended for the subset of SVs capable of producing an expressed gene fusion.
Since INTEGRATE places an emphasis on detecting expressed gene fusions, it only aligns WGS reads in close proximity to the predicted fusion junctions. Therefore, INTEGRATE assumes that for an SV to potentially generate a gene fusion transcript that the genomic breakpoints reside within a certain distance from the gene (default = 50,000 bps), referred to as the extended gene coordinates.
Since spanning WGS reads can be very repetitive they present a challenging and time consuming process to align to the whole genome. In contrast, INTEGRATE targets the extended gene coordinates therefore repetitive reads will have fewer mappings than they would against the whole genome. 
